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Indian Standard
CODE FOR DESIGN OF FARM DRAINAGE TILE OR' PIPE SYSTEM 0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institution on 31 May 1984, after the draft finalized by the Farm Drainage Sectional Committee had been approved by the Agricultural and Food Products Division Council. 0.2 While formulating the Indian Standard Code of practice for installation of farm drainage tile or pipe system ( IS : 9696-1980), a need was felt to prepare an Indian Standard indicating the guidelines for designing of tile drain system. This standard is intended to fulfil this need. 0.3 In the preparation of this standard assistance has been derived from ASAE EP 260.3-1977 `Design and construction of sub-surface drains in humid areas', published by the American Society of Agricultural Engineers, USA. 0.4 For the purpose of deciding whether standard is complied with, the final expressing the result of a test, shall be IS : 2-1960'. The number of significant off value should be the same as that standard. a particular requirement of this value, observed or calculated, rounded off in accordance with places retained in the rounded of the specified value in this

1. SCOPE 1.1 This standard provides guidelines for designing of farm drainage tile or pipe system. 2. GENERAL 2.1 In designing a farm drainage tile system, it would be desirable to collect information on certain general aspect, which are given in Appendix A for guidance.
`Rules for rounding off numerical valuea ( revised).

2

IS : 10907
3. CAPACITY AND DEPTH OF EXISTING OUTLETS

- 1984

3.1 Open Ditches -If the outlet is a stream or open ditch, it should provide free outlet for subsurface drains within a reasonable period of time after storm peak flow and should be large enough to remove the surface runoff from the watershed in time to prevent crop damage by overflow. Drainage runoff data should be used in the design of new outlet ditches and in checking the capacity of existing ditches. The outlet ditch should be of adequate depth to ensure that the flow line ( invert ) of the main subsurface drain at the outlet should be at least O-3 m above the normal water flow in the ditch when the subsurface drains are laid at the adequate depth for the soil to be drained. 3.2 Existing Subsurface Mains - Where an existing main is used as the outlet for a proposed system, the outlet drain should be carefully examined. It should be in good condition, free of failures, deep enough If for adequate drainage and should have sufficient hydraulic capacity. the existing subsurface main does not have a sufficient capacity, a new main should be laid for the additional system, or a new main installed large enough to handle both systems. 3.3 Pump Outlets - When a suitable gravity outlet for the subsurface drainage system is not available, pumping should be considered. The pumping outlet should have sufficient capacity to remove water at a rate equal to the recommended drainage coefhcient multiplied by the area drained. 4. RATE OF WATER REMOVAL ( DRAINAGE COEFFICIENT )

4.1 The drainage coefficient is the rate of water removal expressed as the The frequency, intensity and depth of water to be removed in 24 hours. duration of rainfall, rainfall recurrence interval ( usually 5 years) as well as drainable porosity and hydraulic conductivity of the soil, method of irrigation and leaching requirement, timeliness of field operation, susceptability of crop to water logging should be considered in selecting the drainage coefficient. 4.2 When the design rate of drop of the water table is known, the If drainage coefficient should be computed from the drainable porosity. drainable porosity information is not available, the drainage coefficient, with no surface water admitted directly into the drain, may be taken as 5 to 10 mm per day. 4.3 In case of intercepting seepage or springs, the design rate of flow should be based on an estimate of the actual rate of flow as determined by field investigations. Open channel and subsurface drains could be used for intercepting seepage. 3
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5. CAPACITY 5.1 To
drainage

OF MAINS

AND

LATERALS

provide the required drain capacity, based on the selected coefficient, the following Manning's equation should be used:

Where V = velocity, metre per second radius, m; (m,`s); hydraulic

R =

S = slope, m/m; and 12 = constant. NOTE- The value of `n' for clay whereas for corrugated and plain plastic respectively.
and concrete tiles should be taken as 0,011 tubing the vnlue would be 0 016 and 0.010,

5.2 Figure 1 provides the discharge required for a given area at the selected drainage coefficient. With this discharge and the slope of the line, the required size of tile can be determined from the Manning's formula. 6. DRAINAGE

AREA
drainage coefficient and 6.1.2. shall be applied to the correct area

6.1 The selected
as given in 6.1.1

6.1.1 Where no surface water is admitted directly to the subsurface drainage system through inlets, the selected drainage coefficient should An exception to this apply only to the wetland area requiring drainage. is where the runoff from an upland watershed spreads out over the area to be drained, thus adding an additional amount of infiltration over that, If the runoff from this upland watershed cannot produced by rainfall. the be diverted-from or channeled through the area to be drained, drainage coefficient should be applied to the entire watershed area. 6.1.2 For seepage required size should contributing source. 7. MINIMUM interceptor be based drains and for random drai!ls on the estimated inflow rate of all the the

DRAIN

SIZE
drains, it should be at the designed slope

7.1 In selecting the minimum size of subsurface ensured that the hydraulic capacity of the drain should not be exceeded.
4
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lS:IOYO7- 1984 7.2A 80-mm diameter drain may be installed in certain locations
as determined by the design engineer where the slope is 0.2 percent or more for clay and concrete tile and 0.3 percent for corrugated plastic tubing; however 100 mm is generally the recommended size for flatter slopes and for stable mineral soils. A 125 mm minimum drain size is recommended in unstable organic soil. 8. MINIMUM DEPTH

8.1 In humid areas having good ground water quality, it is desirable that the depth of lateral is kept between 0'9 to 1.2 for common field crops and 1 to 2 m for cash and plantation crops. For arid and semi-arid areas, the laterals should be placed much deeper ( 1'8 to 3 m, deeper depth being used for heavier soil ). 8.1.1 The minimum cover to protect a well bedded subsurface drain from breakage by heavy machinery is 0.6 m for 80, 100, 125, and 150 mm diameters and O-8 m for 200, 250, and 300 mm diameters. 8.2 Where it is not possible or uneconomical to secure the minimum cover specified under 8.1.1, such as under waterways and road ditches or at the outlet end of the main or near structures, the drain should be replaced with high-strength continuous pipe. 8.3 Mains should be laid deep enough so that the centre line of laterals can be joined at or above the approximate centre line of the main. 9. LOADING

9.1Subsurface drains should be so installed that the load does not exceed

the required minimum average crushing strength of the drain as specified in applicable Indian Standards [see IS : 8967 ( Part 1 )-1978*, IS : 8967 ( Part 2 )-19837, IS : 8968-1978$, and IS : 9633-1980s 1. 9.1.1 Plastic tubing should be so installed that it does not deflect more This can be accomplished by than 20 percent of its nominal diameter. carefully following the recommendations given in 9.1.1.1 and 9.1.1.2. 9.1.1.1 Trench depths to 3 m are allowable with 90' bedding groove angle. With 120" or greater, support from a fitted circular"groove, with a trapezoidal or modified V groove or with a sand or gravel envelope For trenches deeper than 3 m, completely around the pipe is suggested.
*Specification tkpecification JSpecification `$Specification for for for for farm farm farm farm drainage clay tiles : Part 1 TileIs with open joints. drainage clay tiles : Part 2 Perforated tiles with collar drainage concrete tiles. drainage asbestos cement pipes. . 6 joints.
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In rocky conditions, special care is needed to assure good tube bedding. special care is needed to avoid local damage to the tubing that may lead to structural failure. The width of the trench should be at least 0.3 m wider than the outside diameter of the tubing to permit placement of the Very narrow supporting backfil along the lower sides of the tubing. above trenches may result in bridging of the backfill material Installation of corrugated the tubing leaving the sides unsupported. plastic tubing in a narrow flat bottom trench with uncompacted side support is not recommended. 9.1.1.2
Other loading requirements a) To prevent overloading

in deep and wide ditches, it is sometimes feasible to construct a subditch with trenching machine, or by hand, in the bottom of a wide ditch which has been excavated by a bulldozer, dragline, power shovel, or backhoe. The width of the subditch measured at the top of the drain determines the load, and the width of the excavation above this point, is unimportant.

b) In deep trenches, it is good practice to backfil in several stages thus allowing time for settlement between fillings. Live load calculations should be added to the soil load when determining class of drain and type of bedding. Table 1 shows the percent of wheel loads transmitted to the tile.
TABLE 1 PERCENT OF WHEEL LOADS TRANSMITTED TO UNDERGROUND TILE
DEPTH or %. QVBR TOP ---OF TILE, m 0.3
BACKFILL

PERQENT OF LOAD AT TOP or TILE BOB DIFFERENT TBENOH WIDTHS, m -_------_-__------~ 0.6 0.9 1.2 l-5 l-8

2.1 (9) 30.3* 23-O 16.7 12-3 9.0 7-Q

(1)
i) ii) iii) iv) v)

(2)
0.3 0.6 0'9 1.2 l-5 l-8
NOTE -

(3) 17'0' 8.3 4.3 2.5 l-7 1.0

(4) 26.0. 14'2 8.3 5.2 3.3 2.3

(5) 28.6' 18'3 11.3 7.2 5.0 3.7

(6) 29'7' 20.7 13.5 9'0 6.3 4'7

(7) 29*9+ 21'8 14'8 10.3 7-3 5.5

(8) 30.2. 22.7 15.8 11.5 8.3 * 6.2

vi)

*These percentages include both live load and impact transmitted to O-3 m of tile. Live loads tranamitted are practically negligible below 1'8 m.

c) When the calculated load requirements exceed the crushing strengths for special quality concrete, or heavy duty clay drain tile or heavy duty tubing in applicable specifications, pipe capable of supporting the required loads should be specified. 7

IS : 10907 - 1984 10. SPACING 10.1 When a system of parallel laterals is used, the spacing between laterals should be based on soil type, hydraulic conductivity, drain depths, crops to be grown, applicable drainage coefficient and degree of surface drainage. 10.2 When detailed investigations cannot be conducted at the site, the general recommendations givewin Table 2 for humid areas could be used for drains placed approximately l-2 m'deep.

TABLE

2

DRAIN

SPACINGS

IN VARIOUS

SOILS

FOR HUMID

AREAS

SOIL

HYDRAULIC CONDUCTIVITY ( .%C 2.4.3 OF IS : 103 17- 1982'

SPACING, m

)
(3)

(1)
Clay and clay Silt and silty soils loam soils clay loam

(2)
Very slow (Less than 1.3 mm/h) slow Slow to moderately ( 1'3 to 20 mm/h) Moderate to rapid ( 20 to 250 mm/h )

9.0 to 21.5 18'5 to 30.5 30.5 to 91'5

Sandy

loam soils for evaluation

`Guide

of soil proprrties

relevant

to irrigation.

11. SLOPES 11.0 Slope of drains should be adequate to prevent reverse slope that might result 1`1 `orn construction techniques or soils conditions. Subsurface d&ns with reverse slope or very little slope tend to fill with sediment. Drains on steep slopes may have excessive velocities and be subject to pressure flow that results in a definite erosion hazard to the soils surrounding the drains. 11.1 Minimum Slopes

11.1.1 The slope should be as high as possible on flatlands but adequate depth should not be sacrificed. The slope of small sized drains should be limited as shown in Table 3. 11.1.2 When slopes flatter than the above are used for main lines, the system should be designed to reduce the sedimentation as follows: a) The system should have a free outlet so that back-water conditions may not further reduce velocities, b) Sediment traps and cleanout systems should be provided,

a
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C) The

entire system should be protected from sedimentation by the use of filters and envelopes suitable to prevent piping or erosion of the base material into the system, and for venting and assuring

d) Breathers and relief wells are needed full hydraulic head operation.
TABLE 3 MINIMUM SLOPE

IN PERCENT

(Ckzusc11.1.1) SL No. INSIDE DIAMETER, mm (2) 80 100 125 150 DRAINS NOT SUBJECTED WHERE FINE SAND AND SJLT TO FINE SAND OR SILT MAY ENTER THE DRAIN ~--_-h---_-~ ~--_----h-----_? Tile Tubing Tubing Tile (3) 0.20 0.10 0.07 0.05 (4) 0.30 0.20 0.15 0 10 (5) 0.50 0.25 0.22 0.17 (6) 0.90 0.60 0.40 0.30

(1) i) ii) iii) iv)

NOTE- The slopes in co1 3 and 4 provide for a minimum cleaning velocity of 0.24 m per second and co1 5 and 6 provide for 0.42 m per second at full flow.

11.2 Maximum

Slopes

11.2.1 Short lateral drains not subjected to pressure flow may be On long laterals and main drains the installed on slopes up to 5 percent. maximum permissible velocity without protective measures should be limited as shown in Table 4.
TABLE 4 MAXIMUM SOIL TEXTURX (1) Sand and sandy loam Silt and silt loam Silty clay loam Clay and clay loam Coarse sand or gravel VELOCITY WITHOUT PROTECTIVE mfs (2) I.1 1'5 I.8 2.1 2.7 MEASURES

11.2.2 Main drains that serve lateials and other drains with high peak capacities in excess of the design drainage coefficient may be subject to Under these flow conditions, the main line may be over pressure flow. designed for the excess capacity to prevent pressure flow and to reduce
9

IS : 10907 - 1984 velocity as shown in Table 4, or special precaution should be taken. Protective measures for mains or laterals on steep grades or exceeding the criteria listed in Table 4 should include one or more of the following: a) For clay or concrete tile: i) Use only tile uniform in size and shape with smooth ends; .ii) Lay the tile to secure a tight fit with the inside section of one tile matching that of the adjoining sections; iii) Wrap open joints with tar impregnated paper, gunny bags, coir mat, sun-hump or special filter material, such as fibreglass fabric or a properly graded sand and gravel; iv) Select least erodible soil for blinding; v) Tamp soil material carefully under the tile before backfilling; and vi) Cement joints or use a drain with a water-tight joint. b) For corrugated plastic tubing or continuous pipe:

i) For drains of this type with perforations, completely cover the drain with filter material of plastic, fibreglass, or like material, or use a properly graded sand and gravel filter. ii) Use non-perforated corrugated plastic tubing or continuous pipe with taped or leak-proof connections. c) The necessity of a breather near the beginning of a steep slope and a relief well at the point where the steep slope changes to a flat slope should be considered. This will be determined by the velocities in the drain, the soil in which the drain is laid and the capacity of the drain below the steep slope with respect to that in the steep slope. If the capacity of the drain on the flat slope is such that the hydraulic gradeline will nearly reach to the surface of the ground for full flow, a relief well should be installed to prevent a blowout. 12. ALIGNMENT 12.1 Change in horizontal direction should be made in such a way that the specified slope is maintained. For tile lines the flow of a water should not be impeded by excessive roughness. 12.2 The change in horizontal direction should be made by one of the following methods: a) A gradual curve of the trench on a radius that the trenching machine can dig and still maintain grade; 10

IS : 10907- 1984 b) The use of corrugated or fittings; or plastic tubing, manufactured bends

c) The use of junction boxes and manholes. 13. CONNECTIONS 13.1 For tile lines, manufactured connections or branches for joining two lines should be used when available. If connections are not available the junction should be chipped, fitted and sealed with cement mortar. 13.2 For corrugated plastic tubing lines manufactured couplers should be used at all joints and fittings at all changes in direction where the centreline radius is less than 15times the tubing diameter, at changes in diameter and at the end of the line. All connections shall be compatible

with the tubing. Where certain fittiugs are not available, hand-cut holes are acceptable, provided they are reinforced with cement mortar or other material that will make a tight joint. However, care shall be taken when
making catching the connection not to create a means of obstructing flow debris inside the conduit or allowing soil to enter the line. plastic tubin, m lines manufactured connections or

13.3 For corrugated always be used.

should

13.4 A 90" angle is as satisfactory as a 30' or 4Y angle where a lateral line joins a main line. Laterals should be joined at the most convenient angle. On large mains it may be advantageous to lay a submain parallel to the large main for collecting the lateral lines since this eliminates the necessity of tapping the large main with each lateral.

14. OUTLET

PROTECTION

14.1 When the main drain outlets discharge into an open ditch, the end of the drain should always be protected against erosion and undermining. When the drain is corrugated plastic tubing, protection is also needed at the exposed portion against weather and animal damage, as well as crushing.
14.1.1 Where no surface water will enter the ditch at the location outlet, a minimum of 3.7 m of continuous rigid pipe should be,used. At least two-third of its length should be embedded into the ditch bank with the overhanging length discharging at the toe of the ditch slope. Corrugated thermoplastic tubing should not be used as an outlet pipe into an open ditch if exposed to sunlight, fire, livestock or equipment. 14.1.2 Where surface water will enter the ditch at the location of the outlet, some type of structure should be used to lower the surface flow

11

IS : 10907 - 1984 When there is no spoil bank, the straight-drop spillway is to the ditch. If there is spoil bank and sufficient generally the best type of structure. temporary storage on the land is possible and permissible, a pipe dropinlet structure will usually provide the best and most economical installation. Sometimes it may be possible to move the drain away from the waterway or divert the surface water to another location at least 18 to 23 m away and convey the surface flow into the ditch over a sodded chute. 14.2 Swinging gates, rods, screens or similar protection should be used on all outlets to esclude small animals unless the outlet is so located that it would be impossible for them to enter at the outlet end. Grating bars or attached screens should not be used on drain lines that have surface inlets since debris may enter through the inlets and collect on the gratings. Only gates should be used in these locations. Where tubing is connected to old tile lines which may serve as animal runs, an animal guard should be installed within the line to restrict animal travel. 14.3 Outlets for lines that are affected by flooding should be protected from backflow tidegates. 15. JUNCTION BOXES high by tides or storm water means of automatic

15.1 Junction boxes should be used where 3 or more mains join. Junction boxes should be located in permanent fence rows or in noncultivated areas with the cover above ground to provide easy access for inspection. In cultivated fields, the box should be constructed so that the top is at least 0'5 m below the ground surface. 16. RELIEF WELL ( STAND PIPE)

16.1 Relief wells serve to relieve pressure in the line that might otherwise cause the line to be blow out. A relief well can be constructed by placing a `I' connection in the line and fitting a pipe vertically into the T. The pipe should extend about 0.3 m above the ground unless provisions have been made in the design for it to also serve as a surface inlet. The exposed end of the pipe should be covered with heavy wire mesh or The size of the riser should be equal to or greater than grating. the diameter of the line. Relief wells should be located at points where the line might become overloaded for a short period of time such as at the end of a steep section as noted in 11.2.2, and on lines that have surface inlets, particularly below large surface inlets. 17. SEDIMENT TRAPS only be used with open surface inlets, and as

17.1 Sediment traps should given in 11.1.2(b).

12
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17.2 In sandy or other unstable soils, protection against should be provided by use of proper envelope materials.
18. INTERCEPTION OF HILLSIDE SEEPAGE

sediment

18.1 Hillside seepage should be intercepted and removed by placing the drain on or slightly above the impervious or slowly permeable layer and across the path of flow. Borings should be made to locate the restricting layers. 19. TREES

19.1 Roots of water-loving trees growing near subsurface drains may enter Masses them and obstruct flow. The roots enter the drain to get water. of roots sometimes grow until they completely fill the drain. Some shrubs, Where crops and grasses may cause trouble on shallow depth lines possible, water-loving trees should be removed from a distance of approxiA clearance of 15 m should be mately 30 m on each side of the drain. maintained from other species of trees, with the possible exception of fruit trees. Orchards can often be drained successfully with the drains located close to the fruit trees. If trees cannot be removed or the line rerouted, tile lines should be constructed with closed joints throughout the root-zone area of the trees. When the drain is of plastic tubing, nonperforated tubing should be used when passing through areas where root growth may create an obstruction in the line.
20. BURIED CABLES

20.1 The crossing of burried cables, pipelines, and other facilities with drains should be avoided where possible. The number of crossing should by installing intercepting lines parallel to the be kept at a minimum facility. A section of watertight line should be used at each crossing. 21. PLAN

21.1 The designer should prepare a plan for each subsurface installation for use by the contractor during construction and for the owner as If any changes are necessary during construction a permanent record. The plan should they shall be noted on an as-built copy of the plan. include a map of the installation showing accurate locations and sizes of all lines and appurtenances together with a profile or copy of the staking It is important that the plan be notes on the main and submains. adequately referenced to existing physical features so that any segment can be located to facilitate maintenance and repair. 13

22.

DEPOSITS

OF

SLUDGE

22.1 Drains in sandy and organic soils may be adversely affected by iron deposits in the openings and inside the drain. The deposits usually associated with iron bacteria are filamentous and gelatinous and can clog drains and the drain envelope area. In sandy soils with high iron potential, it is important not to blind the drains with top soil ( consisting of organic materials ) and every effort should be made to keep spodic materials and top soil away from the envelope. The organic material will absorb iron and sulphide flowing in the groundwater and thus contribute to clogging problem.

APPENDIX ( Clause 2.1 )
GENERAL INFORMATION TO BE DESIGNING DRAINAGE OF INVESTIGATION

19

COLLECTED SYSTEM DRAlNAGE

FOR

A-l.

PHASING

FOR

A-l.1 The drainage project should not be considered in isolation but it should form an integral part of overall water management in agriculture. Much of the information needed for considering drainage projects is the same as that needed for any land development project, such as geological, topographic and soil maps, climatic and agricultural data. However, the drainage projects require some specific investigations and surveys. As a general rule these surveys and investigations can be conducted in a phased manner to safe-guard against spending time, energy and costs on studies that might afterwards prove to have been superfluous. These phases of survey/investigations are: a) at reconnaissance b) at semi-detailed c) at detailed level. level, level, and

A-1.2 If the outcome of the first phase is favourable, it should be followed by recommendations for the programme of the next phase of study or finally for implementation. A-2. RECONNAISSANCE PHASE a reconnaissance project, mainly 14 survey is to identify on technical but also

A-2.1 The main objective of the feasibility of the proposed
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on economic grounds. Reconnaissance level study will be mainly based on existing information but includes some limited field work. Documents concerning the area under consideration should be collected from all agencies whichever worked in the area. All this should be analysed and evaluated some of the pertinent data to be collected are: a) aerial photographs; nu road

b) all kinds of maps: geological topographic (scale preferably smaller than li25 000 or l/50 000 ), land utilization and maps; and c) existing data on soils ( up to 5 m depth ), surface water, climate, crops yields. A-2.2 With respect to the drainage features should aim at determining the following: a) Where do excesses the probable causes? of surface the

water, ground

reconnai:sance occur ground and

survey what are

water

b) Which areas suffer from unfavourable and what is causing these conditions?

water conditions with tillage, crop

c) Is excessive wetness of the soils interfering growth and harvesting?

d) Which areas suffer from unfavourable soil conditions, for example, salinity, and what are the relationships, if any, between such conditions and local surface and ground-water conditions? Can these unfavourable conditions be rectified? e) What properties do the soils of the area possess that will hinder or promote the flow of water through them and will decide whether it is an economic proposition to control the ground water table? f) What are the main topographical, physiographical, and relief features of the :irea? Will the disposal of excess of water or drain water bc possible and what are the conditions of the outlet? drainage have on the soils and on

g) What effect will artificial their productivity?

A-2.3 Where the gravity outlet does not have good prospects, discharge by pumping and alternative location of pumping station should be carefully Due attention should also be given in this stage to possible considered. constraints with regard to water levels, water quality, discharge, which might limit the choice of solutions or would require special provision. 15
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A substantial part of investigation at this stage sllould be devoted to collection of hydrologic data on the existing water regimes. Which due to their natural variations, will usually be expressed in terms ofprobability per time uriit and shouid, therefore, cover a reasonably long period ( at least ;O years ) to be of any value. Similarly an early verification of the response of the proposed crops to tire assumed water management conditions will be needed. If no local experience is available one might seriously consider the layout of experimental plots for this purpose if the project area size is fairly large ( 10 000 ha ). A-2.4 The study at reconnaissance level should conclude with a report which summarizes all existing knowledge and formulates possible alternative solutions 10 111~problenl. Accompanying the report should be maps showing the sketch plans of the area including the approximate layout of the drainage and water rnanagcmellt system. The most important items in the report are the recommendations on the next steps to be taken and what addttional investigations, surveys are needed in the semi-detailed detailed phase. A-3. SEMI-DETAILED SURVEY

A-3.1 This study comprises the additional activities needed to work out the alternative preliminary plans or also called feasibility siudies. The data to be collected should be sufficiently detailed to permit a design of the drainage project, the costs of which can be estirn:ltc*d to an accuracy ot' about IO percent. At this level the costs and benefit are also determined. A-3.2 The topographic and soil maps required at this stage are usually at scales 1:5 000 or 1: 10 000, contour lines of O-25 m maximum interval. Climatic records ( rainfall ) of 20 years may be necessary. From the analysis of rainfall the deptll duration frequency relationship should be developed to determine the design discharge. A-3.3 The conventional soil or land classification maps have only a limited value for drainage purposes because they provide no information on the layers below 1.20 or 1 50 m. The quantitative hydrological or physical data required for drainage should be obtained by supplementary investigations that extend to a depth of 4 to 5 m below ground surface and even deeper. Possible observation density may be 1 per 12.5 ha. A-3.4 Maps are the basis as well as the end result, semi-detailed stage following single value maps planning and design of drainage system: a) Contour therefore, during are needed for base layer; the the

map of the upper side of the impervious 16

IS : 10907- 1994 b) Map showing the location, extent layers at or below drain depth; c) Map showing layers; d) Soil salinity e) Depth the thickness map; map; map, based on soil hydromorphic and thickness of coarse sandy layer or

of the water transmitting

of water table

f) Water table fluctuation characteristics; g) Ground water salinity

map;

h) Hydraulic conductivity map for layers above and below the water table, especially at and below drain depth ( auger hole method is most commonly adopted and one test per 2 to 5 ha is adequate ); and j) Map showing infiltration. SURVEY the magnitude and variations in the rate of

A-4.

DETAILED

A-4.1 The best plan for the area under consideration is chosen after conclusion of the semi-detailed studies. What remains to be done, if one has decided on implementation of, is the final revision and in particular the elaboration - through calculations and drawing - of the details of The structures ( pumping station, culverts, etc) to complete the design. final step is to prepare specifications to be put out to tender.
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INDIAN ON FARM

STANDARDS

DRAINAGE

IS : Farm drainage clay tiles : Part 1 Tiles with open joints 8967 (Part 1 )-1978 8567 ( Part 2 )-1983 Farm drainage clay tiles : Part 2 Perforated tiles with collar joints 8968-1973 Farm drainage concrete tiles 9271-1979 Farm drainage plastic pipes 9633-1980 Farm drainage asbestos cement pipes 9696-1980 Code of practice for installation for farm drainage tile or pipe system 9979-1981 Code for design and laying of mineral filter for tile drain system

